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CHANGES IN SKIN HISTAMINE INDUCED BY X -RAY 
OF DIFFERING QUALITY" 
RAY A. CARLSEN, M.D.t AND GUSTAV A 'BOE-HANSEN, M .D. 
ABSTRACT 
R at skin was exposed to t \\'o types of uperfi cially p enetrat ing x-r::ty (1 2 KV ::tnd 
30 KV). Measurem ent of histamine leYels and mast cell counts in t he skin demonstrated 
t he susceptibility of the cells to this type of radiation stimulus. Although 30 KV x-ray 
produced t he strongest effect, even 12 KV x-ray (gre11 z) produced statistically signifi -
cant changes. The m easur::t ble differences .lasted more than 21 clays. 
Previous studi es have revea led the skin rna t-
cell r esponse to radiation injury (1-7) . Most of 
t his work was clone wit h deep ly penetrating x-
ray and wit h lethal closes . As most skin hista-
mine is produ ced by mast cells (8, 9) and hista-
mine is known to b e a mediator of inflammation , 
we examined t he radiation effect on mast cells 
and hi stamine levels wi th more uperfi cial 
("ant i-infiammatory") t ypes of x-ray. Two 
types of x-ray were used to study the sensit iv-
ity and the d gree of damage of sma ll closes of 
ioni zing rad iation to the dermal mast cells . 
l\fA'l'EI1IALS AND l\IETHODS 
Fifteen m::t le albino \Vislar ral.s 11·cighing 168 :::':: 
12 grams were divided in to three groups of five 
each. Under ether anesthesia all of Lheir backs ll'ere 
shaved with a small an imal hair cli pper. One group 
was given 500r of 12 KV x-l'il:V (HVL 0.18mm cel-
lon, no fll te r). The second group was o·iven 500r of 
30 KV x-ray (HVL 1.6mm cell on, 0.2mm alumi-
num fi lter) . The t hird group was used as control. 
The x-ray was delivered wi Lh a Con tactron 
(Bracke-Sibe. New York) po rtable x-ray machine 
equipped wi th a lOcm cone. Whil e anesthetized 
with ethe1·, t he rats w re positioned wi lh a special 
apparatus (Figure 1) so that t he fi eld expo ed to 
x-rays was flattened and received a uniform close. 
Immediately before x-my (day 0). and on days 
1, 4, 10, 21 , and 50 each rat was biopsied by ellipti-
cal excision and the wound edges approximated 
ll'i th silk suture. Successive biopsies in the same 
animals did not alter the histamine levels of 
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nearby subsequent biopsy sites if they were kept 
one centimeter apart (unpublished data, Carlsen 
1969) . After removal of the panniculus carnosus, 
30 to 50 mg of skin was used for histamine anal-
ysis. Biopsies from 3 animals of each group were 
fixed in 4% lead subacetate solu tion, mounted in 
paraffin, sectioned, and stained with hematoxylin-
eosin and 1% aqueous toluidine blue. 
Skin samples for histamine determinations were 
minced, t!JCn defatted by shaking twice wi th 15 
ml ether through one hour. The ti sue \\'as then 
dried fo r 48 hours over phosphopentoxide at room 
temperaLme at a pressure of 2 mm Hg, weighed, 
and t hen homogenized in 5 ml of 0.4 N perchloric 
:tcid using a moLar dri ven glass homogenizer. The 
homogenate was ccn trifu"'ecl and 4 ml of lhe super-
natant olulion was analyzed fo r histamine by a 
spectrofJu oromelri c method (JO ). 
Mast cells .in Lh e irradialed area " ·ere coun ted 
in Lhe lighL mi croscope with Lh e aid of an eye-
piece microm ter grid. Damaged and norm al ap-
pearing cell s were coun Lecl and no attempt was 
made to separate these types. For convenience, 
the mast cells were counted in all groups t o the 
depth of 0.3 mm or approximately the depLh of a 
high power field. Five high power fi elds were 
coun ted in e:tch biopsy on each clay. The coun ts 
for each group for ench day were pooled. 
RESULTS 
Figure 2 r epresents t he relative histnmine 
levels of the t hree groups of rats. The cont rol 
group maintained a high level throughout after 
an initial fall. The group that received 500r of 
30 KV x-ray showed the greatest fall in hist a-
mine levels while there was a relatively moderate 
fall wit h 12 KV x-ray. Stat istics : A separa te one-
way analysis of variance was perform ed for each 
of the 6 days using t he 15 observations (11). 
The m ea n t reatment responses differ signifi-
ca ntly from the cont rols for clays 1 (p < 0.05), 
4 (p < 0.01) , 10 (p < 0.001) , and 21 (p < 
0.001). There are no signifi cant differences at 
days 0 and 50. The mean of the t wo t reatmen t 
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Fm. 1. Back skin of rat is flattened by mild tension at several points. 
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Fro. 2. Histamine content of rat skin after 500r 
of X-ray (day 0). Standard error of mean in brack-
ets. 
groups differed significantly on days 1 (p < 
0.05) and 10 (p < 0.05), but on day 4 the 
variability was high resulting in a non-significant 
test. 
Mast cell counts also reflected the amount of 
x-ray the rat skin received (Fig. 3). There was 
initially a precipitous drop in the counts of the 
treated animals followed by a more gradual de-
crease to the control levels. There was also a 
rapid fall in the mast cell counts of untreated 
rat skin. 
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FIG. 3. Mast cell counts of rat skin afte r 500r 
of X -ray (day 0). 
DISCUSSION 
Sylven, in 1940, described loss of mast cell 
density in skin after radiation (3). In 1956 Eisen 
et al. ( 4) demonstrated a fall in skin histamine 
in rats after 200 KV radiation. Prior to this, 
Pettersson (5) had shown that the mast-cell 
count in the skin of guinea pigs dropped by 
about 50o/o fo llowing 660r of 180 KV x-irradia-
t ion. It had also been shown in 1954 by Upton 
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and Gude (6) t hat rad iation induced increased 
p ermeabili ty in dermal connective t issue of rats 
along with increased extracellular acid muco-
polysaccha ride and fewer mast cells. Smi th (7) 
showed d::uuage to ma t cells after irradi:1.tion of 
t he rat and hamster, and t here are other repor ts 
t hat demonstrate radiation induced changes in 
t issue mast cells of human skin (12, 13). 
This study demonstrates that slightly p ene-
trating x-ray t reatment can cause changes in 
mast cells and alter t issue histamine levels. The 
hista min e levels in t he t reated animals were dose 
dependen t, and t he find ings strongly suggest 
t hat superfi cia ll y penetrating types of x-ray 
cause changes in only a port ion of t he avai lable 
mast cells or a sub-total destruction of individ-
ual cells. It is possible however to increase the 
quauty nnd quanlity of x-ray to t he point 
where no f11rthcr mast cell loss cnn be measured 
(5) . 
The most nppa rent eiiect of x- ray on hist::~­
m ine levels w~t s during t he first 24 hours (Fig. 2) 
alt hough t he ini t ial d rop in ali t hree groups sug-
gests t hat t he t rauma of electr.ic hair clippers 
caused some of t he damage. Sub. equently t here 
is recovery o( t he control group bu t incomplete 
recovery of t he tre~1 ted animals. 
There is good co rrelation between the mast 
cell counts and t he histam ine levels. There is 
however a rather striking fall i11 Lhe mast cell 
counts during t he first 21 clays in control ::~ ni­
mals, whil e t he fa ll in t he h istamine level was 
somewhat more gradual. D ecreasing histamine 
levels with age in animals have been noted pre-
viously (14-16) , :1 ncl Zachariae (17) measured 
moderate decreases in his in vest igat ions on 
human adult skin . 
Histam ine level in animals t reated with 12 
KV x-ray cl ecrensed slowly after t he initial 
drop, and the levels of t he animals t reated with 
30 KV x-ray actuall y increased slightly. The 
effect of t he x-my then was a precip itous drop 
in skin histam ine levels and mast cell counts 
within t he first 24 hours and prevent ion of re-
covery of these wit hin t he first few weeks after 
t reatment . The x-ray did not damage t he mast 
cell population so t hat normal levels count not 
be attained by day 50. 
The histamine depletion and its duration coin-
cides wi t h t he inflammation produced by the 
x-ra y, t he most in ten ' e being wi thin 24 hours of 
the expo ure. 
vVe are indebted to Mrs. Lis Raun for the hista-
mine determina tions and to Mrs. Birgit Thorsen 
for t he histological preparations. 
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